
1
,

I

I

1

I
I

L, ‘

NATIONAL ADVISORY COMMITTEE

FOR AERONAUTICS

TECHNICALNOTE

No. 1772

I

THEORETICAL BASIC SPAN LOADING CHARACTERISTICS OF WINGS

WITH ARBITRARY SWEEP, ASPECT RATIO, AND TAPER RATIO

By Victor I.Stevens

Ames Aeronautical Laboratory

Moffett Field, Calif.

[

-,’ -. ..+ . . . . . .. ... -... . ..— . . .-... - , .—. .—,.= _. . ...__.———,. . .. . - ,... —-–.. ..>



TECHLIBRARYm, NM

i’

Illlllulgllollllllllull
0144q’3b

IWZIOIVALADV’E301M“ coMh53mmFOR AERONAIJTtC3

9?KXINICALNom I?o● 1772

T3EOREI?ICAL BASIC SPAN LOADIIW CWIRACTERISTICS OF W13J2S

WITH ARBITRARY SWEEP, ASIW2T RATIO, iiN’11‘lW?I!RRATIO

By Viotor I. Stevens

.-.
A prooedure based on the Weissinger method has been devised so

that the basio span loading and associated aerodynamic oharaoteristios
oan be rapidly predioted for wings having arbitrary values of sweep,
aspeot ratio, taper ratio, and twist. A method for oorreoting for
the effeots of compressibility is gfven. A “oomprj.sonof the results
of this method with that of lifting-line and lifti&surfaoe methods
indioates that the aoouraoy is muoh better than that obtained with
lifti~-line methoti and is oonpmble to that obtained with lifting–
surfaoe methods.

‘Ibisreport, together with NACA ~ NO. lkgi, allows a simple and
rapid prediction of both the ~asio and additional loading charaoter-
istios for wings of arbitraq plan form. The characteristics which
o~ be found for a given wing are as follows:

1. Span load distribution due to twist (this report)

2. Span load distribution due to &@_e of attack (TM No; 1491)

3. bduced drag (this report and ‘D?NO. 1491)

4. Angle of zero lift (this report)

5. Lift+urve slope (TN No. 1491)

6. Pitohing moment at zero lift (this report)

7. Looation of aerodynamic oenter (TN No. 1491)

It is believed these predioted values are valid at all suboritioal
Maoh numbers emd for all lift ooeffioients where visoom and stall
effects are negligible.
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2 NAC.ATN No. 1772

To establish the effects of sweep, aspect ratio, and taper
t!

.

ratio on the basic l&ding characteristics
twist, the mthd presented b this report
representative wing configurations and the

13TIRODUCTION

produced by uniform
was applied to a few
results discussed.

The need for information on the subsonic characteristics of
swept wings to supplement the limited amount of existing e~erimental
data has lead to a theoretical study of their characteristics. As
in most theoretical studies, the wtng characteristicshave been
determined ushg the span loading which in this case has been pre-
dicted by the methcd of Weissinger. Since these characteristicsare
dependent upon the spsm loading, it has been found convenient to
study the characteristics as those associated with additional-type
loading (i.e., the loading due to wing angle of attack) and those
associated with basi~t~e Ibad@. (i.e., the loading due to wing twist
or effective twist).

M referencefl, the Weissinger method was applied to a series
of wings encompassing the probable ranges of sweep, aspect ratio,
and taper ratio to determdne the wing characteristics associated
with additional-type loading. The results (including span load
distribution, spanwise center of press~e, l~urve slope, and
aerodynamic center) are presented in graphical form as a function
of wing plan form. .

,
The present report is an extension of reference 1 to facilitate

determination of the wing characteristics associated with basic-type
loading (span load distribution, angle of zero lift, and pitching
moment) for a wide range of plan forms. Since the basic loading is a
function of twist as well as the plan+orm-iables (sweep, aspect
ratio, and taper ratio), it seemed impractical to present loading
characteristics for all possible wing configurations. Therefore, it
was intended that this report should present a simple procedure
which would allow prediction of the basic loading for the wide range
of plan forms tivestigated in reference 1, W should pfesent the
actual basic loading for a few representative configurationsto
establish the effects of the various geometric parameters. The
results of this work then, together with reference 1, should enable
a rapid evaluation of the wing characteristics associated with both
the basic and additional types of loading for wings having sweep
angles ranging from -45° to 75°, aspect ratios of 1.5 to 10, and
taper ratios of O to 1.5.

“
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1%
I SYM1301S

Aero@amic Parameters a

Clac

cLcav
spanwise loading coefficient for
(additional-typeloading)

unit wing lift coefficient
/
I
t

unit twist (basic–t~espanwise loading coefficient for
loading), per degree

spanwise loading coefficient for additional-type loading

basic-type loading-se loading coefficient for
I

(
Czac Czbc

gross spanwfse loading coefficient —+—
Cav Cav )

section lift coefficient for additional-type loading

[(

local lift)
qs al

section lift coefficient for basic–t~e loading

[

(lOCal lift)b
qs 1

gross section lift coefficient (cla.+ clb)

Cla

I/-

.

(w~ lift coefficient ‘~
qs )%

rate of change of lift coefficient
measured at zero lift

dimensionless circulation
()

~
bV

with angle of attack

G’

r circulation, feet squsred per second

induced drag coefficient
(mute ‘w

d
qs )
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(%)0
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(%)0

pitc~m3nt coefficientdue to basic

(P itching moment due to basic 10-)

free-stream

Mach nuriber

free+3tream

(@5 “1

-c pressure, pounds per

velocity,

Geometric

angle of sweep of the
sweepback, degrees

()

b2
aqect ratio

7

feet per second

arametersP

loading

squsre foot

quartemhord line, positive for

taper ratio
@%9

wing span measured perpendicular to the plane of symmetry,
feet

wing chord measured parsllel to the plane of symetry,
feet

O&average wing d.O~a ~ , feet
b/z

(’ C7

mean aerodynamic chord 0 , feet .
Jb/2 c
o

whg area, square feet

‘angle of attack for zero lift of the three-quarter<hord
point of the root section mean line, radians

%ngle of attack of the’thre~uarter-chord ~oint of the
spanwise station ~ section mean line, radians

%he values of ~ for zero net lift on the wing, radians

lAIL angles sre measured ina plane parsllel to the plane of symmetry.
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a

b

e

o

V,n

%wist of section mean line relative to the wing root ‘ ‘
measured at the three-quarter-chord point for the
spanwise station v [(%)0 - (%).l Y radi~ ~ess
noted otherwise ,

%wist of the tip section mean line relative to the wing
root measured at the thre~uarter-chord potit~ degrees .

lateral coordinate measured from wing root perpendicular
to the plane of symmetry

()
d~nsionless later’alcoordinate ~

b/2

trigonometric spanwise coordinate (cos–lq)

coefficient indicating the influence of circulation G at
station n on the downwash amgle at control point V
where the location of n is defined by ~ = cos ~ and

the location of V is defined by q = cos ‘~ .

Subscripts

parameters associated with additional loading

parameters associated with basic loading

equivalent geometric psmmeters

value of psrameter at zero lift

integers defining specific span locations

PROCEDURE
. Development of Methbd

In the Weissinger lifting-line method, which has been previously
discussed in references 1 and 2, and is used herein, the gross

%lee footnote 1, p. 4.
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circulation (representingadditional “and/orbasic loading) is
considered concentrated into a lifting line lying along the quarter-
chord line. The boundsry condition, fixing the spanwise strength
distribution of the circulation, requires that the downwash of this
lifting line and its system of trailing vortices produce at points
along the three-quarter+hord line a downwash angle equal to the
slope of the wing section mean line at these points. For the
general case, the boundary condition is usually applied at seven
spanwise stations distributed across the total span so that seven
shnltaneous equations csm be formed involving unknown gross
loadings at the seven spanwise stations. However, for the sptric
loading case, which is considered herein (fig. 1) and in reference 1,
the loading and control points on only half of the wing need be con-
sidered so that deterndnation of the span loading requires the
solution of only four simultaneous equations of the form

4
ay.

I
%,n GIL

n=l

(1)

where

%’ “the section mean line amgle of
chord point for the spanwise
locations of v are defined

attack at the thre~uarter—
stationsV, where $$

7-
byq=b2=cos~

%,n influence coefficients involving the purely geometric wing
parameters A, A, and A

Gn the unkown dimensionless circulation * at the -se

stations n where the locations of n are defined by

q ‘b5’2= Cos

In this form the set of equations may be used to obtain the gross
loading on any wing for which the aspect ratio, sweep, taper ratio,
twist, and mgle of attack are specified.

Past ~erience has indicated that he goss loading can be
better studied if broken down into the basic and the additional type
of loading. The basic loading i6 that existing with zero net lift
on the wing and is due to twist or effective twist (e.g., partial.-
span flap deflection or spanwise change in caniber)of the wing chord

— ——
...., -..,,-- .,. . ..
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plane. In contrast, the
lift On the W@ and iS,
untwisted and uncanibered

7

additional.loading is that producing net
in effect, the loading existing on ~.
wing. I?romthis, it follows that the

basic loading is a function of the variation in section angle of
attack across the wing and is independent of the wing angle of
attack; whereas the additional loading is a function of wing angle
of attack and is independent of the variation.in section angle of
attack across the wing.

In determining the additional loading characteristicspresented
in reference 1 then, it was not necessary to consider variation of
the angle of attack across the span (i.e., it was assured ~=1 =

9=2 ‘%=3 = ~=4) ~d it was possible to use equation (I) ~ t~
following form:

However, in determining the basic loading, the angle of attack
varies across ths span and equation (1) must be used as given.
Although the variation of a across the span is known from wing
geometry for anywtag angle of attack, its value for the unique
condition of zero net lift on the wing is required and this, of
course, is unlmown. Thus, there results a set of four simultaneous
equations which involve eight unknowns – the values of (uV)o and
Gn. Since the twist distribution is known, three of these unlmowns
can be eliminated by the following expression:

where (&). @ the angle of attack of the root mean line at the
three~uarter-chord point for ~ = O, and ~V is the wing twist
relative to the root. This, then, reduces the number of unknowns ‘
in the set of equations to five and, hence, a fifth equation is
required to permit a solution.

The fifth equation is obtained from the expression for the
total lift on the wing. This expression is givenas equation (C51)
of reference 2 and where the seven~oint (synmetric loading)
solution is used reduces to

~—- —..- .—-. — —z . . —. —— -—. —. —..——
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8 NACA m No. 1772

(2)

@owns in equation (2) are the loadfig factor ~ which also
appeer in equation (1). Thus, thin-eare now five equations that
contain the unknowns (~)o, Gl} C&, C&~ and G4. In the expanded
form the.equations are:

Solution of this & of equations will give the angle of attack
of the man line at the thre~uarter-chord point of the root chord,
and the loads ~, &, G~, and G4 at the span stations q = 0.924>
0.707, 0.383, end O.

Application of Method,

Basic 10a&hlg and angle of zero lift.– Figure 1 has been
prepared to show the phyBical significance of the variti loading
and geometric parameters. ~~ti~ (3), which iS illChkd in
figm?e 1, can be used to dete-e the loading on a wing having a

.

me reader should note that strictly spe&lng e and a represent
the slope aud not the angle of the mean line. That is, the
equations sktid be ~itt~ t~[ez+(~)o] . al,lG1 + al,2& + . . .

Early in the derivation of equation (1), it was assumed that s2J.
slopes were small and, therefae, it wm permissible to mibstitute
the angle in radiaus for the slope. To avoid serious error in
those cases where the twist is large, the equations should be
written using the slope rather than the angle in radians. Ifit ‘
is dashed to keep the error under 1 percent, the true slope should
be used for angles of over 10°, and under 5 psrcent, true slopes
should be used.for angles over 20°.

.

.
.

,
.
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given twist distribution or, conversely, to detemnine the twist
distribution to provide a given basic load~. In either case the
solution of the five simultaneous equations is a relatively simple
matter. The most time-consuming and laborious portion of the process
is that of conrputimgthe values of the ~ n coefficients from the

.geometry of the wing. This process is fully outlined in reference 2.
Since these coefficients are a function of wing geometry alone,
however, it is only necessary to compute them once for each plan
form to study any variation of twist or caniberon the plan form.
These computationshave been made for the range of plan forms shown
in figure 2 and ae presented in table I. (It should be noted that
figure 2 shows only the range and not the total nuniberof plan forms;
approximately 200 wings were considered altogether.)

Thus, with the aid of table Ij.the problem of determining the
basic loading and the angle of zero lift for any plan form given in
table I is reduced

1. Insertion
for the

2. Insertion

to the following simple steps:

(in equation (3)) of the given values of twist
four spanwise stations

of,the values of avjn obtained from table I

3* Simultaneous solution of the five equations

The resulting loading coefficientsmay be put in the more convenient
cl c
b

coefficient form — by the following conversion:
Cav

(4)

To aid in fairing the Ioadtng curve, values of Clbc— at intermediate
Cav

span stations may be obtained through use of the interpolation
function (equation (A6)) given in reference 1. Determination of the
twist for a given loading is, of course, a simple inversion of this
process.

As willbe evident later, It is not necessary to use the exact
plan form to obtain a good approximation of the basic loading on a
given wing. Consequently, if the basic loading is desired on a plan
form between those given in table 1, it is generally acceptable to
use the coefficients ~,n given b table I for a plan form which

.

-—.. ——--- -—.-—- --- ,. ---—.-r—— -’,-
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10 NACA m No. 1772

most closely approximates the destred plan fo~~ If a more refined
estimate of loading is required, experience has indicated that it is
better to determine the load= for the bracketing plan forms and
interpolate the loading rather thanto determine the loading for the
interpolated values of the coefficients ~,n

Consideration must be gi~n to the nuniberof significant figures
retained h the solu%ion of the five si.multineousequations.
Actu&ll.ythe number of signific~t figures reqtied depends to a
large extent on whether or not the equations ~e ~-conditioned;
however, it is noteworthy that in solving for the basic loadings
presented in this report, none of the sets of equatiom appeared to
be ill+onditioned. Beyond possible effects of ill.~onditioning,
however, to be strictly correct, the number of significant figures
to be retained should be examined at each step of the computations
to maintain a given accuracy. When computations are made either
longhsmd or with a slide rule, this procedure can be followed, but
when computing mchines are used it becomes more practical, even
though not rigorously correct, tQ “naintatia given number of decimal
places throughout the computations. In an effort to establish the
number of decimsl places required, a nmiber of computatIons were
made using five places W then four} three~ etc.~ for each of
several plan forms. The results obtained were compared aud it was
concluded that satisfactory accuracy could be had if the value of 6V
in radians were given to four decimal places, if the coefficients
~,n were tabulated and used to two decimal _placesjand,if in the
solution of sinmltxmeousequations, five decimal places were retained.

Local lift, induced drag, ~d pitthing moments.–“With the basic

C2ac as determined by method given h reference 1,loading coefficient
~

other - characteristics, such as section gross local lift coeffi-
cient cz, induced drag coefficient @i, aud wing pitching+ament
coefficients Cm are easily obtained. m grQSEJvalue of Cz at

w @ of attack is determined as follows:d

CL = Cla + c2h

where C2. is the lift coefficient due to additional-typeloading

from
type

u

‘eference1 - Czb ‘s ‘b
loading as determined by the

(5)

lift coefficient due to the basic-

relation

I

.

.

.

“.
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“(6) ,

In contrast to lift coefficient and loading, the induced drag
cannot be determined for additional and basic loading separately mid
thenbe sumed to get the total induced drag, rather the induced
drag must be determined from the total loading distribtiion.
Eq~tion (3) of reference 1 has
drag for the general case. The

. givenby

been modified-to give the induced”
induced drag coefficientis then’

IF2
kg +“+. k4 (0.0561 kl

+ 0.7887 k~) –G (0.7352 k; + o.@I-@ $s)1 (7)

where

(
Czac Czbc

kn = —+—Cap )Cap n

. The ability of the Weiss@er method to enable good predictions
of the effect of load on wing pitching moment has been shown
(reference 1) to be the result of:

. 1. The accurate prediction of spanwise distribution of load.

2. The predominant effect that spanwise distribution of load
has on pitching moments of swept wings as compared to the
effect of chordwise distribtiion of load

Thus, even though in the Weissinger method the basic load distribu- .
tion is concentrated along the quarter-chord line, the method should
allow good predictions of the effect of basic loading on the pitching
moment of swept wings.

The expression for ~ due to basic loading has been.derived
from equation (A4) of reference 1. ?ChUS,

.“

.’

*/2 t~A (0.1384 k=b + 0.1975 ~ + 001351 ~ + ooo159 k~b) (8)c%=;

-. —.. -.-— .——-—---------— - ~ ~.. .. . . ..-— .— .--T-~ ---- ..---.-.——..--— . . ..—.—
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It should be noted that, stice the pitching moment due to basic
loadhg is the result of a load@ couple, the value of the pitch~
moment due to basic loading is independent of the location of the
moment reference center. To obtain the WOSS pitching~ment coeffi-

. cient for a wiug, the pitching moment due to additional-type loading
;(reference 1) maybe added directly to the pitching moment due to
twist given by equation (8).

Effects of compres.sibility.–A means of correcting the wing
characteristicsassociated with additional-type loading for compress—
ibility$ms given in reference 1. This essentially consists of
translating the effect of compressibility into an effective change
in plan form in addition to the well+lmown increase in section
pressures. These participlesshould apply equally well to basic
loading characteristics. However, it shouldbe noted that in.the

C2C
case of additional loading the loading coefficient — was not

%Cav
a function of angle of attack and consequently the effects of Mach
nuuiberon loading yere shown only as changes in load distribution

c1c
and not as changes in the average value of —. The change in

cLcav ,
average value offloading was h effect absorbed in changes in C

czbc k
In contrast, the basic loadhg coefficient — is definitely a

Cav

function of the local singleof attack (twist) and is, therefore, a
function of Mach nmiber just “asis lift-curve slope. Therefore, to

c, c
obtain the velue of ~ in compressible flow, it is necessary to:

Cav .

1. Determine the value of
Czbc
— for the given twist and the
cav

equivalent plan form given by Ae = ~j & = Am

_—

- ‘“YE=
C.zbc

2. Multiply value of — obtained by””—
Cav

&

.

‘.

I
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RESU12TSAND DISCUSSION

Evaluation of Method

There is a scarcity of ,experimentalbasic
consequently any evaluation of the accuracy of

loading data and
the Weissinger

method in predicting basic loading fist be-indirect. Both-refer-
ences 1 and 2 proved the Weissinger method to be very accurate in
predicting the additional-type loading, and similar accuracy should,
therefore, be expected with regard to the basic loading.

To allow further evaluation of the method, a comparison is
given In figure 3 between the basic loadings obtained by the “
Weissinger method, the method of reference 3 and the Falher method
for an unswept wing having an aspect ratio of 6.o and a taper ratio
of 0.5. The data from reference 3 were used for comparison since
they are welJ.lmown and have been widely used. The Fal.knermethod
was used because it is a lifting+mrface method and should give
better accuracy than either the mthod of reference 3 (a lifting-
line method) or the Weissinger method (a modified lifting-line
method). As presented in figure 3, the loading obtained by refer-
ence 3 is in serious disagreement;.whereas the Weissinger loading
shows relatively good agreement with that obtained by the Fallmer
method. These results are explainable on the basis of the followhg
facts:

1. It can be readily shown that, even on high~spect-ratio
wings, the introduction of twist results h large induction effects.

2. Where induction effects are l~gez as for example the
effects of b.duction on the litiurve slope of low-aspect-ratio
wings, it has been often demonstrated that unmodified lifting-line
theory will.not yield accurate results.

3. In reference 1 it was shown that the Weissinger method,
which is a modified lifting-line method,.overcomes the weakness of
the unmodified theory and yields results “onlow+s~ct~atio wings
coqarable fi accuracy to that obtained with lifting+urface theory.

In View of the foregoing comparisons, it is believed that (1)
the basic loading characteristics of unswept whgs can be predicted
tith much better accuracy by USQ the Weissinger method than by
using the results of reference 3, and (2) that the Weissimger .mthod
is capable of predicting the basic loading characteristicson any
wing with sufficient accuracy for preliminary design analysis:

._. — .——----—— —______— . ..—-
. . ..—...— —---—- ,.-— ------ —--. . ,/
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Effect of Plan-orm Variation on the
Basic Iaading Characteritiics

To study the effects of @an-form variation on the basic ‘
loading characteristicsof uniformly twisted wings, the character-
istics of a representative group ofcwings (see shaded wings, fig. 2)
having units washout have been computed and are presented in figures
4 to 9. The basic loading characteristics considered are the

Ctbcload- ~ (figs. 4 to 7), the pitching moment due to twist
%

(fig. 8), and the angle of attack at the root ‘forzero lift (~) o ‘
(fig. 9).

Magnitude and SW wise distribution of load.- Examination of
figures 4 to 7 reveals that the aspect ratio influences only the
magnitude and is in fact the predominate influence on the magnitude.
Reductions h aspect ratio from 6.o to 3.5 and 1.5 result in ap@oxi-
mately 3fiercent and 70~ercent reductions, respectively tn load
due to twist for either the unswept or 45° swept~ackwin.gs (fig. 5).

\ Sweep, either forward or back, tends to reduce the magnitude of
loading, although appreciable reductions are produced onlyby sweep
angles greater than 45° (fig. 4). Sweep also affects the load
distribution such that the load on the outer section of the W@ is
shifted inboard by sweepfommrd and toward the tip by sweepback;
this is s~ to the effect of sweep on the additional-type
loading. Stice increase in aspect ratio magnifies the loading, it
also magnifies the effects of sweep on the loading as is shown in
figure 4.

. .
As shown h figures 6 and 7, taper mtio-has little effect on

the magnitude of basic loading; and variations in taper ratio, for
taper ratios larger than O.5, have little effect on the load
distribution. However, for taper ratios less than 0.5,.the loading
on the outer section of the wing shffts Moard. These effects of
taper ratio on loading sre magnifiedby increases in aspect ratio.

sIn this case, 1° was chosen, and for any larger amount of twist
ths effects tie proportion&. within the lhits of footnote 2,
page 8.

.

.

,

.
.

.
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Pitch- moment.- That the pitching moment due to twist is
primarily a function of sweep and aspect ratio is shown h figure 8.
The magnitude of the pitching moment increases as either aspect
ratio or sweep is ticreased so that pitching+noment coefficientsas
~ge as 0.008 for 1° of twist exist on wings having large aspect
ratios and sweep angles. The effect of taper ratio is relatively
small, the greatest being evidenced at the small values of taper
ratio. For example, reducing the taper ratio from 0.5 to O reduces
the pitching moment due to twist about 30 percent.

Angle of zero lift.– E1.thoughthe effects of plan form on the
angle of zero lift (aJ ~ not be very important, some of the

trends indicated in fig&e 9 are of interest. For ths r-e of pla
forms represented in figure 9, the angle of zero lift did not vary
more than 27 percent. This is small compared to the effects of plan
form on the magnitude and distribution of loading smflon the pitch–
ing moment. In contrast to the small effect of taper noted previ–
ously, taper ratio appears to be the predominant influence on. (~)~~

particularly at lage aspect ratios and large sweepback. The effec~
of aspect ratio and sweep are secondary but not negligible.

Consideration of Twist in SweptAling Design

The methods of this report eruiblea detailed study of two seri–
ous problems associated with the use of swept w@gs: First, the use
of twist to control section lift distribution and hence stall; and,
second, the degree to which bending, since it introduces twist,
affects the aerodynamic characteristics. These two problems and the
application of the methods of this report to this study are discussed
in the sections immediately following.

Twist for semra tton control.- !L’heinduction effects on swept
wings are such that large angles of attack are induced near the root
of swept-forwardwings and near the tip of sweptAack whgs. Conse-
quently, for untwisted wings the sections at t@ root and tip,
respectively, reach their cz- before the rest of the wing and at
a relatively low angle of attack of the wing. The resulting local
separation produces the poor characteristics (large drag rise and
large fore+nd-aft movement of the aerodynamic center which occur
at relatively low lift coefficie~ts)which are typical of highly
swept wings. To remedy these poor characteristics, SOJM means must
be provided which will cause the flow over the wing to sepirate more
uniformly. This
cambered so that

—

should be achieved
all sections reach

if the wing is twisted and/or
at nearly the sametheir CZ-

—... —.- - --- — —.. . .—-. .---—.- -.--— .-.———---- ...-
,., —--’”7-”,”-’-. “—”7—-””’-”--—— ------.,



_– ——..- . ..— — -. . ..— —.- —..

angle of attack of the wing. One possible approach would be to twist
the wing to provide nearly uniform spanwise distribution of dc~ andj

hence, uniform separation, snd to camber all sections to increase

%“

An hlication of the amount of twist required to produce uniform
distributionof Cz for a given ~ can be had by (1) using refe~

ence 1, determine the Cz distribution for the given ~ (additlonal-

type load@) , (2) using this CL distribution, determine the basic

loading required to give uniform C2 distribution, and (3) using the

method of this report, compute the twist distributionrequired to .
produce this basic loading.

For purposes of illustration,the foregoing procedure has been
applied to a wing hswing 45° of sweepback, an aspct ratio of 6.0j
and a taper ratio of 0.5. (See fig. 10.) It can be seen that the
additional-typeloading produces relatively krge values of Cz
over the outboard sections. The basic loading required to give uni-
form c~ distribution of 1.0 is shown shaded, and the basic loading
ordinates to be used in equation (3) in order to determine ‘the
required twist are labeled (czb)4, (czb)~, etc. The twisij dete~

@d from solution of equation (3) to satisfy the condition of uni-
form load, is shown on the lower half of the figure. Such a vari-
ation would be difficult to build, and hence in the practical a~pli-
cation some compromise twist variation would probably be chosen.
The effect of compromisingto the extent of using a linear vzmiation

‘ in twist is also shown in figure 10. Although a uniform cl diy
tribution is not provided, the distribution is such that the char-
acteristics of the wing at higher lift coefficients should be signi-
ficantly improved. Undoubtedly the amount of twist and caniberwould
also be compromised to some extent to provide good characteristics
at high Mach numbers; however, it is likely that relatively large
ammnts of camber ‘&ndtwist could be tolerated on highly swept wings
before the characteristicsat high Mach numbers were jeopardized.

41t is recognized that the optimum spanwise distribution of C2

may not be a uniform distribution and that in the practical
application better stalling characteristicswill probably be
exhibited if ths c1 .at the midsemispan is somewhat greater
than at either the root or tip sections. It is apparent that
further experimental data are needed to establish *W optimum
CZ distribution for swept wings. ‘.

.
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J$@t due to Wi.na Iklfl.eo-ljian.- ,hflsction of wings, whether
Unswept or swept, can be cmsibred as cmposed of bending and tor-
sional components. Toraiopal deflection of either Unsweyt or swept
_ oBVio~~ Pro~ceB ~st md, hnce, affects the basic loading.
On unswept wings, b’endingproduces cmly an incrementin the dihedral

-; w~rea~ ~ wept W@Z_S, bentig produces ohangBs h seotion
angle of attack (effective twist) as wall as dihedral. Whether or
‘notthe twists due to bending and tnrsional.deflections am additive
or canceling tipends upon the dtrectitm of sweep and the characte~
titi(lsOf tht3‘~ t3_&”uGhZ’S.For a gi~en @rig, the ma@tude of the
twist due to wing deflection is a funotion of the gross loadhg as
well as the structural stiffness and, theref~, varies with accel-
eration in gusts or maneuvering flight. Thus, the aerodynamic char-
acteristic= of the wing in maneuvering fligkt are likely to differ
greatly frcm those of the wing in steam flight..—

For swept wings, the pltohing moment resulting fkom this twist
direotly affeots the trim @/or stabilft~ of the airplane and should,
therefore, be given serious consideration. A qualitative analysis
has shown that fcm a tbxible wing in steady flight, the pitchi~
moment increments due to flexure result primarily in changes in trim
but may also oause decrements in stability whioh inorease in magni–
*ude as lift ooeffioient is deoreased. In accelerated flight, the
flexible wing will probably experience serious decrements in stabiL -
ity at all lift coeffioients.

These uhapges h trim and stability can be evql.uatid *OU@
use of equations (3) end (8) ante the structural stiffness of the
wing in both bending and torsion (henae, the twist components) has
been determined. As oan be seen in figure 8, the effects ‘& twist
on trti and stability are very depen@nt on the sweep and aspect
~tiO of the ~, and
Reducing either aspeat
influeme of lmist and
air@ane.

to some extent, tipendent on the taper ratio.
ratio or sweep will, therefore, minindze the
~ bending on the trti and stabili~ of the

Col!mmomJmMARE3

A method fw pzwiioting effects of twist on the span loading
and associated characteristicsfor a wide r- & plan forms has
been presentid. Cmparlson of the loadlnga obtained by this ll18thOd
and those obtained by lift~urface (Fal.kner)and liftin@.ine
(NACA !!33No. 5~) methods tidioatea that use of this method results
in aocuracy much hettir than that obtained with llft~line methods
and accuracy oreparable to that obta~d with lif%~ace mthode.

---. -—..— —-— -. ~—. ... —_ —___ .._— -.
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It is believed, therefme, that (1) this method is capable of pre-
dicting the %asic loading characteristics on any wing with sufficient

. accuracy for preliminary design analysis, and (2) the method should he
particularly useful in determining the twist required for separation
control and in evaluattig effects of aeroelastic deformation.

To establish the effects of sweey, aspect ratio, and taper ratio
cm the basic loadhg characteristicsproduced by uniform twist, the
method has been applied to a few representative wing plan forms,’
Sane of the trends noted were:

1. The magnitude of basic loadtng due to uniform twist is
prharily a function of aspect ratio; hammer, the ~luence of sweep
also beccunesWpxrtant for sweep angles beyond 45°. !Ihperratio has
little effect.

2. The pitchbg mment due to uniform twist is a functim of
both sweep and aspect ratio and is lilwzhe little affected by taper
ratio.

3. The angle of zero lift of a uniformly twisted wing is a
function of taper ratio as weld.as sweep and aspect ratio.

Ames Aeronautical Laboratory,
National Advisory Camm.itteefor Aeronautic,

Moffett Field, Calti.
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